Patients with typhoid fever Single or paired specimens were available from 140 patients with typhoid fever proved by isolation of S typhi from blood or faeces. Most specimens had been stored at -20°C for periods of up to five years.
The detection of Salmonella typhi Vi antibodies by an agglutination test as an aid to the detection of the typhoid carrier state was first recommended by Felix et (IFAT) has been studied by Chau and Chan4 and by Chitkara and Urquhart,8 who concluded that this technique was superior to bacterial agglutination in both sensitivity and specificity. The IFAT is able to detect antibodies of all major classes, whereas agglutination tests favour the detection of IgM antibodies.9 We report the results obtained with the Vi IFAT in the serodiagnosis of acute typhoid fever compared with those obtained using the Widal reaction.
Material and methods

SERUM SPECIMENS
Patients with typhoid fever Single or paired specimens were available from 140 patients with typhoid fever proved by isolation of S typhi from blood or faeces. Most specimens had been stored at -20°C for periods of up to five years.
In 22 recent cases specimens were available which had been stored for a period of up to 1 week at 4°C but had not been frozen. (12) . Sera were also obtained from 12 patients with bacteriologically proved tuberculosis and from 30 patients with infections caused by Campylobacter jejuni. Sera from 66 patients with a fever of undetermined origin which were submitted to this division for serological tests for legionellosis were also tested, together with specimens from 284 apparently healthy blood donors.
RABBIT ANTISERA Rabbit diagnostic agglutinating antisera used in defining the specificity of the IFAT antigen were prepared as described previously.'0 These specific antisera had homologous tube agglutination titres of at least 320 and homologous IFAT Table 1 . Stored sera showed fewer positive results in agglutination tests than recently obtained sera. The sensitivity of these agglutination tests, however, even using recently obtained sera, was poor in that a high proportion of sera gave negative results. In the case of the 22 recently ill patients, three had convalescent sera which were negative in all three agglutination tests (two were taken nine days after the onset of illness and one 17 days after onset). In contrast, the Vi IFAT titres of these sera were 128, 512, and 64 respectively.
VI IFAT TITRES IN CONTROL SUBJECTS WITHOUT TYPHOID FEVER
Titres of <32 were seen in 93% of 284 blood donors (Table 2) . Similarly, 93 % of sera from 110 patients with infections due to agents other than S typhi showed titres of <32. Titres of <32 were found in 85% of patients with fever of undetermined origin, and in this group typhoid fever as the correct diagnosis was not ruled out. The possibility that typhoid vaccination may produce an antibody response detectable in the Vi IFAT is suggested by the finding that one of the patients with fever of undetermined origin who had a titre of 64 had received typhoid vaccine two months previously.
VI IFAT TITRES IN 140 PATIENTS WITH PROVED TYPHOID FEVER
Stored or recent sera from 140 patients were available in sufficient volume to permit the Vi IFAT to be performed. Results are shown in Table 3 .
TIME OF VI IFAT SEROPOSITIVITY IN RELATION TO ONSET OF ILLNESS AND PREDOMINANT CLASS OF IMMUNOGLOBULIN PRODUCED
In 120 of the proved typhoid cases tested by the IFAT both the dates of the onset of illness and the dates when the sera were obtained were known. In four cases the serum was taken within three days of the onset of illness and all of these acute phase sera showed Vi IFAT titres of -128. In nine patients the serum was taken between the 4th and 7th day after the onset of illness. Four of these sera had titres of 64, four of 128, and one of 256, suggesting that the IFAT becomes positive early in the course of the disease. In 82 of the 120 cases the serum tested was Sera from patients with infections due to salmonella species other than S typhi could not be obtained. In an attempt to define the specificity of the Vi antigen in the IFAT, tests were performed using rabbit diagnostic agglutinating antisera to a range of 0 antigens of the most common salmonella serotypes. Results are shown in Table 4 .
The results suggest that the common anti-O antibodies are not detected in the Vi IFAT and that the antibodies detected are directed against the Vi antigen. Results are similar to those obtained in the tube agglutination tests.
Discussion
Although the definitive diagnosis of typhoid fever is by culture of the causative organism usually from blood or faeces, serology can sometimes be helpful in providing a more rapid method of diagnosis. The diagnostic value of a serological test depends largely on its sensitivity and specificity. Judging by the results obtained so far the Vi IFAT described here is highly successful.
If an IFAT titre of 64 or greater is taken as serological evidence for the diagnosis of typhoid fever, only one of 56 sera from culture proved cases (Table 1) were falsely negative. In the agglutination tests most of these sera gave negative results in the and Vi tests while just over one third were negative when tested against the H antigen. These results support the findings of Brodie,`who found that the flagellar antibody titre in patients' sera provided a more reliable aid towards diagnosis than the somatic antibody titre, although the value of the Widal test in diagnosis was limited. The greater sensitivity of the Vi IFAT is striking and is confirmed in the larger series of patients (Table 3) , where serum specimens from 135 of 140 patients showed positive titres (:64).
The results reported here on the specificity of the IFAT must be extended in further studies on sera from patients with other infections, including other salmonella infections, and in healthy subjects after typhoid vaccination. Nevertheless, the results in Table 2 suggest good specificity. Of 110 patients with infectious diseases other than typhoid fever only two had falsely positive titres of -64. In the group of 66 patients with fever of undetermined origin only two had such titres and at least one of these had recently been vaccinated. In the case of healthy blood donors two of 284 sera were falsely positive. Overall, in this diverse group of 394 control subjects (excluding the 66 patients with a fever of undetermined origin) only four were falsely positive in the Vi IFAT.
Although various improvements in the Vi antibody test have recently been described which improve sensitivity and specificity, the IFAT has the advantage of using reagents which are readily available, and the test is technically simple. The IFAT also has the advantage of detecting all the major classes of antibody. Furthermore, we have previously shown that highly reproducible results can be obtained when this type of test is used in a large number of diagnositic laboratories." We now propose to test its usefulness and reproducibility in field studies. 
